T he use of dental implants in oral rehabilitation has gained importance in daily clinical practice. Despite these advances, dental implant failures have been reported. 1, 2 These failures can be classified on the basis of both chronologic (early or late) and etiologic aspects. Early implant failures have been attributed to surgical trauma, inadequate bone quality and quantity, lack of primary stability, and bacterial contamination of the recipient site. 3 Late failures have been attributed to overload, peri-implant infections, or associations of both.
Recent evaluations have questioned the importance of implant surface cleanliness after peri-implantitis treatment. 4 -6 The aim of a cleaning procedure should be to remove the contaminated surface oxide without changing the surface topography or harming the surrounding tissues. 7, 8 It has been hypothesized that surface contaminants may be released from contaminated implant surfaces, enhancing and perpetuating the inflammatory response, thus altering the healing process and possibly provoking the dissolution of titanium. 8 -11 In addition, the alterations of this oxide layer surface may hamper reosseointegration. The integration of titanium dental implants in alveolar bone has been partly ascribed to the biocompatibility of the surface oxide layer. 12 Several authors have described the titanium oxide layer as a thin layer of 2-6 nm of TiO 2 covered by a carbondominated contamination layer and traces of nitrogenous (N), calcium (Ca), phosphorous (P), chloride (Cl), sulfur (S), sodium (Na), and silicon (Si).
11, [13] [14] [15] [16] [17] [18] [19] Sterilization and cleaning/decontamination of dental implant surfaces by means of both high-and lowintensity laser therapy using CO 2 , Nd: YAG, Ho:YAG, Er:YAG, and GaAlAs has been used. 20 -25 However, heat generation at the interface between the dental implant surface and the alveolar bone during laser irradiation must be taken into consideration. Temperatures between 47°C and 50°C induce tissue damage in the bone. 26 In addition, Romanos et al. 24 suggest that an understanding of the characteristics of the applied laser energy to optimize therapeutic implementation of lasers in implantology to avoid complications principally as a result of heat The use of the CO 2 laser has been suggested as one possible instrument for the removal of inflammatory soft tissue 27 as well as for sterilization and decontamination of dental implant surfaces. 20, 22, 28 Complementary CO 2 laser irradiation may be a useful way to eliminate periodontal pathogenic bacteria from titanium surfaces. 29 In an earlier study, Haypek 30 evaluated the microbiologic effect of CO 2 laser irradiation at a dental implant surface contaminated with Streptococcus sanguis. The author observed that using power of 0.6 W, 0.9 W, and 1.2 W for 40 s, the CO 2 laser irradiation was able to kill the microorganism without an increase of temperature over 8°C.
Although several studies have evaluated the cleaning effect on the contaminated titanium surface in vitro 21, 24, 25 or in vivo using animal models, 4 -7 few studies evaluated the effect of laser irradiation on failed implants retrieved from human patients as a result of early or late failures.
Thus, the aim of this study was to evaluate the cleaning effect and possible oxide layer alterations on contaminated titanium surface from 10 consecutively retrieved dental implants after CO 2 laser irradiation using scanning electron microscopy (SEM) and energy-dispersive x-ray spectrometry (EDS).
MATERIALS AND METHODS

Patients and Implants
Ten dental implants were retrieved from nine patients (5 female; mean age of whole group 46.33 Ϯ 5.81 years) who did not present any medical or dental contraindications for implant placement recorded in their medical history. All dental implants were inserted at the Department of Periodontology, Dental School of Araraquara, Brazil, to support fixed prostheses in partially and totally edentulous patients. The dental implants evaluated in this study were from 3 different manufacturers: Conexão Implants, São Paulo, SP, Brazil; Branemark System, Nobel Biocare AB, Götemborg, Sweden, and 3i Implant Innovations, Palm Beach, Florida (Table 1) .
Four dental implants were placed in the posterior maxilla (bone type 4 -poor density) and 3 in resorbed maxillas. Four dental implants were retrieved from grafted areas (two maxillary sinus lift and two onlay grafts). The procedures of bone grafting were performed when available bone height and volume were insufficient. The mean of loading of the failed implants resulting from overload/peri-implantitis was 37.50 Ϯ 18.35 months. Overall, the mean implantation time was 23.00 Ϯ 22.35months. Immediately after the dental implant insertion, no complications or infection were noted for any patient.
Dental Implant Retrieval and Processing
The criterion for dental implant removal was lack and/or loss of osseointegration. The lack of osseointegration was recorded as the slightest mobility, tested by rotating and moving every dental implant back and forward using instruments. All the retrieved dental implants were mobile and in such cases were surrounded by a radiolucent line on radiographs using a standardized method with the parallel, long cone technique. The sample was composed of different lengths and diameters ( Table 1) .
The dental implants were retrieved under local anesthesia by gently unscrewing them with stainless steel forceps, which were carefully positioned on the cover screw or on the abutment to avoid any possible contamination of the dental implant surface. The implants were rinsed with saline solution and immersed in 4% formalin 25 and stored in sterile plastic or glass vials ( Table 2 ). The failed dental implants were inspected for macroscopic soft tissue remnants, which were removed using titanium tweezers.
CO 2 Laser Irradiation
The CO 2 laser (UM-L30; Union Medical Engineering Co., USA) used in this study emits a beam of monochromatic light with a wavelength of 10.6 m. This model can be operated in continuous wave (CW), pulsed (P), or so-called superpulsed (SP) modes of laser beam delivery. The focal spot has a diameter of 200 m. After implant stabilization using mountimplanting in fixed wax, the failed implant was divided into two surfaces with the aid of a dot on the cervical area. The implant surface with the dot was labeled the test side (laser irradiation) (Fig. 1 ). The power of the CO 2 laser was 1.2 W, achieved using the continuous wave for 40 seconds and energy of 40 J. The handpiece of the CO 2 laser was kept at a distance of 30 mm from the implant surface, resulting in a spot area of 0.031415 cm 2 (38.20 W/cm 2 ; Tip of thread C,Na,Ca,P,Ti Cone C,Na,Ca,O,P, C,Na,Ca,P,Ti 
Scanning Electron Microscopy and Energy Dispersive Spectroscopy
After dehydration in a graded series of alcohol, the failed implants were dried and mounted on metallic stubs using double-sided tape. In addition, one unused dental implant (10 mm ϫ 3.75 mm; cpTi surface; Conexão Implants) was used as a negative control for both sides (test and control) to verify the effect of CO 2 laser irradiation in an implant surface free of organic film (Table 3 ). This control implant was mounted with no pretreatment. All samples were introduced into the vacuum chamber of a JEOL JSM-T330A SEM (JEOL Ltd., Tokyo, Japan) and micrographed with different magnifications at an electron beam voltage of 20 kV and at 10 Ϫ6 beam current. Thereafter, the implant surfaces observed by means SEM were submitted to an element analysis. The regions of interest ( Fig. 1 ) and the element detection were performed simultaneously by verification of electron beam-induced x-ray radiation. An EDS x-ray (Noran Instruments, Inc., USA) was coupled to the SEM. The spectrometer is equipped with a Si(Li) detector. The spectral resolution of the detector was 138 eV at 5.7 kV (MnK␣1). The microprobe used to acquire the spectra was set at 20 kV high-tension, 250 pA probe current, and a working distance of 80 mm. The assistant microscopy technician, who was unaware of the coding that identified the failed implants, determined the photographic fields and EDS analysis in two different regions of the implant (Fig. 1) .
RESULTS
Alterations in the implant surface, after the application of the laser irradiation, could not be detected by either SEM or EDS analysis. Alterations such as crater-like surfaces, lava-like layers, or melting were not observed in the irradiated surfaces (Figs. 2 and  3 ).
Different degrees of organic residue were detected on most of the retrieved samples (Figs. 4 and 5) from both groups. Most of the organic residue seemed to originate from fibrous and blood tissue, although bone tissue was observed in the dental implants that had been partially osseointegrated (late failure). These residues appeared mainly as dark areas (Fig. 6) . The dental implant surface aspect was dominated by grooves and ridges along the machining direction and appeared essentially unchanged on the samples retrieved after laser irradiation, as compared with the controls (Figs. 7 and 8) .
The EDS analysis showed that all failed dental implant surfaces consisted of Ti oxide with varying amounts of contaminants. In most cases, carbon was the dominant element detected. O, N, Na, Ca, and P were also detected. Si was detected in the organic overlayers of some samples ( Table 2 ). The dental implants used as controls demonstrated clear signs of Ti (Table 3) , whereas Ti signs were detected at the outmost surface on the failed weak implants.
DISCUSSION
Continuous CO 2 laser irradiation resulted in no changes of the failed dental implant surface. No alterations such as melting or crater-like surfaces were observed in any of the irradiated surfaces. The analysis of photomicrographs demonstrated that the high energy from the laser beam resulted in burning but not removal of contaminants in agreement with Mouhyi et al. 25 and Oyster et al. 31 In addition, the cleaning effect of the laser was not satisfactory, as depicted in Figures 3  and 7 , because some debris could be observed.
The analysis of oxide layer demonstrated the incorporation of some contaminants into the dental implant surface both before and after the laser irradiation. Various critical events could trigger dental implant incompatibility. For example, inorganic contaminants such as C, Ca, Na, and P were probably relevant to the absorption mechanism of solvated ions that naturally occur in the body fluids. In addition, control of the surface characteristics of cpTi dental implants is regarded as an important factor for the achievement of an optimal tissue response during the healing of bone and soft tissues. The degree of contamination of the titanium surface of unused implants demonstrated mechanical stability and osseoinduction qualities. 32 Although the dental implants were from different manufacturers and origins, the surface composition appeared to be the same in all retrieved implants both before and after laser irradiation. From the materials surface science point of view, the cpTi dental implant brands probably differ significantly from each other, because the companies that produce them apply their own preparation procedures. Olefjord and Hansson 10 suggest that inorganic contaminants should be avoided because these species may provoke dissolution of the titanium. Si and P probably result as traces from the finishing step in the Ti preparation. The presence of Ca and Na may originate from body fluids. In contrast, the observed Si contamination (Si being one of the major compo- In addition, contamination by Si and Ca may also be the result of residue left by rubber gloves. 16 However, the laser irradiation used in our study was not able to remove or alter these contaminants.
Some contamination may have originated from several sources such as the fabrication process, cleaning, and sterilization procedures such as Na detection from the environment during handling and storage (glass vials), at implant insertion, or during retrieval and analysis preparation procedures. 9 ,11,13,15, 16 The influence of contaminants on the dissolution rate of Ti in body fluids has not been evaluated. It is suggested that, in principle, organic compounds lower the dissolution rate of titanium because they block the sites for the oxygen cathodic reaction. Foreign ions on the titanium oxide surface may catalyze the oxygen reaction and thereby promote the dissolution of titanium. For example, ions of Fe, Cr, and Mo are added to reduce acids such as sulfuric acid to enhance the electrochemical reactions so that passivation can occur. It has been reported 17, 33 that the corrosion products formed on the surface of Ti during its exposure to NaNO 3 and NaClcontaining aqueous solution catalyze the reduction process of NO 3Ϫ so as to increase the dissolution rate of Ti. Zinc in both solid and liquid form may cause dissolution and corrosion of Ti. 17 It is not known whether the Ca 2ϩ and Si 4ϩ , found on the surface in this study, may promote dissolution of Ti and, thus, "poison" the tissue or cause stress-corrosion cracking of the implant. The contact time of the dental implant with air before EDS analysis could be critical for the titanium levels, which seemed to be the result of absorption of carbon 10 more than the CO 2 laser effect.
The bioactivity of a biomaterial is associated with its surface energy, influenced by the purity of the material, and is an important criterion for the determination of bioacceptability. Contamination of the biomaterial surface with hydrocarbons and other molecules and elements can reduce the surface energy and the potential bioacceptability of the dental implant surface. 18 The implant surface qualities are critical in determining the absorbed configuration of the earliest biofilms during healing after peri-implant treat- Fig. 3 . Scanning electron microscopy photograph of the test side. After laser irradiation, the layer of contaminants (arrow) is still present. Fig. 4 . Scanning electron microscopy photograph of the control side at the cone area. Fig. 5 . Scanning electron microscopy photograph of the control side showing superior third (cylinder, neck, and threads). Note the details of the contaminants (arrows). Fig. 6 . Scanning electron microscopy photograph of the control side at the upper third of the same sample presented in Figure 5 . There are different types of contaminants in the same sample (dark areas and soft tissue remains). ment. Surface energy, charge, and texture of the dental implant surface can influence the tissue differentiation and affect osseointegration/reosseointegration. 6, 19, 30 In our study, the CO 2 laser irradiation was selected among others used for dental implant treatments such as Nd:YAG, Ho:YAG, and Er:YAG because of its reflection capacity on titanium. 21 The titanium surface, like all metals, features a certain spectral reflection capacity that is similar to the absorption coefficient, dependent on the wavelength of the laser. 21, 24 The reflection capacity of titanium for light with a wavelength of 800 nm is 54% and considerably lower (96%) for the CO 2 laser with a wavelength of 10.6 m, 21, 28 allowing us to conclude, indirectly, that although the implant surface evaluated in our study was not assessed with regard to the temperature alterations during the laser irradiation, the temperature did not rise appreciably to provoke loss of osseointegration. In addition, Kato et al. 29 showed that the temperature of the titanium surface increases 7 to 9 times more after irradiation by Nd: YAG and KTP:YAG lasers than by the CO 2 laser. In our study and in the Haypek 30 study, melting, cracks, and damage of the implant surface were not observed after CO 2 laser irradiation, in agreement with other studies. 21, 22, 24, 28 Several studies have demonstrated that high-intensity lasers are an effective instrument for decontamination of dental implant surfaces and elimination of bacteria related to periimplantitis. 18, 19, 24 Parameters such as wavelength of the laser system, power output, mode of operation, time of irradiation, distance of the fiber from specimen, and work angle may, however, impede the comparison between our data and other investigations. Furthermore, the high-intensity lasers may provoke undesired high temperature not only on the dental implant, but also at the implant/bone tissue interface. In our investigation, the CW mode was used as described by Deppe et al. 22 In this study, the authors demonstrated that the operation mode may influence the effects of laser irradiation on implant surfaces and maintain the typical structure of the implant surfaces.
In addition, several studies 11, 15, 33 have evaluated the failed implant surface using x-ray photoelectron spectroscopy (XPS) and Auger electron spectroscopy (AES). These apparatuses have much higher surface sensitivities than the EDS, usually available on SEMs, used in our study. AES is capable of determining the chemical composition of the uppermost 5-30 Å of the surface, corresponding to 2-10 atomic layers. With the EDS equipment, the element composition evaluation was derived from analysis of the characteristic x-ray emission caused by excitation of atoms in the dental implants by the impinging electrons. The latter have a relatively high energy (Ͼ10 keV) and penetrate relatively deep into the sample (ϳ1 m).
In addition, the escape depth of the emitted x-rays is also large. The compositional information is, therefore, averaged over a depth of 1 m. In the XPS and AES apparatuses, the important information is carried out from the implants by electrons whose energies are typically in the range of 0.1 to 1 keV and whose mean of escape depth is approximately 1 nm. These characteristics and differences among equipments may explain the different elements detected in our sample data when compared with other investigations.
There is evidence to suggest that the oxide layer continues to grow in vivo. Implants retrieved after 6 and 8 years of use have demonstrated oxide layers of 200 nm. 34, 35 These oxide layers all contained P, Ca, and S, in addition to Ti, O, and C. The authors also concluded that TiO, as a passive insulator, was essentially "useless" in the long term. Contrary to the expected behavior of decreased growth and eventual cessation, the oxide layer continues as an expanding biologically active entity in living bone. Titanium compounds have been identified in the tissue approximating implants. 35 It is, therefore, prudent to focus careful attention on any oxide contaminants because these could be leached out over time.
CONCLUSION
Within the limits of this study, it can be concluded that there was no difference in the presence of contaminants in both test and control sides after CO 2 laser irradiation in the continuous mode. Furthermore, the photomicrographic fields did not demonstrate any difference between groups with regard to the cleaning effect of the laser, suggesting that mechanical instruments must be used as adjuncts in peri-implantitis treatment.
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Propósito: O objetivo desta investigação foi avaliar o efeito limpeza do CO2 na topografia de superfície e composição de superfícies falhas de implantes dentários. Materiais e métodos: Dez implantes dentários falhos foram retirados de 9 pacientes (idade média de 46.33ϩ-5,81 anos) devido a falha precoce ou tardia. Os implantes foram divididos em duas partes: um lado do implante foi irradiado com um CO2 laser (lado do teste), enquanto o outro lado não recebeu irradiação (lado do controle). O CO2 laser foi operado a 1,2W, em uma onda contínua, por 40 segundos (energia de 40J). A peça-de-mão do CO2 laser foi mantida a uma dista ncia de 30 mm da superfície de implante, resultando em uma área de ponto de 0,031415 cm2 (38,20W/cm2; 1559 J/cm2) em modo de varredura (cerviacal-apical). Um implante dentário não usado foi usado com controle negativo para ambos os grupos. Todas as superfícies de implante foram examinadas através de microscopia eletrônica por varredura (SEM) e raio-x com espectômetro dispersor de energia (EDS) para análise de elementos. Resultados: A SEM mostrou que a superfície dos lados de teste consistiam em diferentes graus de resíduos orga nicos, aparecendo principalmente como manchas escuras semelhantes àquelas observadas nos lados de controle. Nenhuma das superfícies de teste apresentou alterações, tais como alterações tipo cratera, camadas tipo lava ou derretimento comparadas com as superfícies não irradiadas. Elementos estranhos, tais como carbono, oxigênio, sódio, cálcio e alumínio foram detectados em ambos os lados. Conclusões: Esses resultados sugerem que a irradiação por CO2 laser não modifica a superfície de implante, embora o efeito limpeza não tenha sido satisfatório.
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